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(54) TiUe: RECOVERY OF ENERGY 
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(57) Abstract 

A process for the recovery of energy values from waste biodegradable material comprises passing comminuted waste material through 
a pyrolysis reaction chamber (13) and cooling the gaseous pyrolysis reaction product, in which the pyiolysis (24) and cooling chambers 
(14) are adjoining and the waste material is advanced through the pyrolysis chamber by advancement means comprising rotary drive shaft 
means (25) sealingly joumalled through the wall of the cooling chamber remote from the pyrolysis chamber. The drive shaft gland (28) is 
therefore removed from direct exposure to the heat of the pyrolysis reaction and higher pyrolysis temperatures can therefore be tolerated, 
with a greater ability to treat biologically-active waste or other hazardous materials and a significantly faster processing time being achieved. 
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RECO\rSRY OF ENERGY 



This invention relates to the recovery of energy and 
is especially concerned with the recovery and use of 
energy values as fuel from waste material . Waste material 
in the context of the present invention includes all forms 
of biodegrade±)le waste materials including sewage, rubber 
tyres and printed circuit boards. 

Society currently generates large volumes of domestic 
and industrial waste material which creates environmental 
problems in terms of storage or disposal, for example by 
incineration. Tyres and printed circuit boards in 
particular present disposal problems . Modern society also 
consumes large amounts of energy which to a large extent 
is generated by combustion of fossil fuels, creating 
environmental problems in terms of production of so-called 
"greenhouse gases" as a by-product. 

WO 93/25848 proposes producrion of gaseous fuel toy 
heating waste material in a rotating drum without allowing 
combustion to take place and using the fuel to generate 
electricity. At least some of the fuel produced may be 
used to heat the waste material. However, the temperature 
of the gasifier is approximately 800°C which is 
insufficient for safe treatment of hospital waste. 
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BSS-contaminated carcasses and other biologically-active 
waste. Also. Che processing speed is insufficiently fast 
to permit flexibility in plant operation to account for 
variables in terms of quantity and quality of waste 
marerial to be processed. 

It is an object of the present invention to provide a 
method and apparatus, for recovery of energy values from 
waste mate^al which can operate at temperatures 
sufficiently high to enable biologically-active waste to 
be safely disposed -csf, and which is more efficient and 
more environinentally-acceptable than prior art proposals, 
and which permits greater flexibility of plant operation. 

According to one aspect of the present invention, a 
process for the recovery of energy values from waste 
biodegradable material" comprises passing comminuted waste 
material through a. pyrplysis reaction chamber and cooling 
the gaseous pyrolysis reaction product, in which the 
pyrolysis and cooling chambers are adjoining and Che waste 

material is advanced through the pyrolysis chamber by 
advancement means comprising rotary drive shaft means 
sealing ly journalled through the wall of the cooling 
chamber remote from the pyrolysis chamber. 

By virtue of the inventive arrangement of the 
pyrolysis and cooling chambers, the drive shaft gland is 
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removed from direct exposure zo the heat of the pyrolysis 
reaction and higher pyrolysis temperatures can therefore 
be tolerated, with a greater ability to treat 
biologically-active waste or other hazardous materials and 
a significantly. faster processing time being achieved. 

Preferably, the flue gases heating the waste material 
in the pyrolysis ■. operation are passed to a heat exchanger 
to produce steam for generation of electricity, thereby 
cooling the flue ; .gases before they are vented to 
atmosphere - and p:r.ovidiiig an environmental benefit. 

The pyT:olysi;s. .gaseous product may be used as fuel for 
a gas turbine- electricity generator or for one or more 
gas- fired -boil-ers„ for production of steam and in either 
case the exhaus$ -.gases,, which can be at temperatures as 
high as '2 0 66 °G;.' can- --also be passed to the or a heat 
exchanger f orr- jp.J3D_4jicy;i-on,' of steem. The gaseous pyrolysis 
reaction product may also be stored and optionally 
transported for eventual use elsewhere as fuel gas. 

The - raw, .. waste material is initially sorted or 
screened to. rero.ove metallic materials, glass and other 
ceramic materials, and bricks, concrete and the like. The 
resulting combustible or carbon-containing material, which 
may contain up to 40% or more water, is preferably then 
dried and comminuted by a shredding, crushing, pulverising 
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or other operation to provide the material in particulate, 
granular or other individual-piece form to assist in 
substantially complete pyrolysis. Any non-volatile 

liquids such as oils, grease or fats may be used as such 
in the pyrolysis reaction or admixed with the solid 
material. Before being passed to the pyrolysis reactor, 
the dried and . comminuted material optionally containing 
non-voiatile~~^ liquids is preferably pre-heated and 
de- oxygenated. ..The material is then fed to the pyrolysis 
reaction chainber : which may have a temperature in excess of 
1000°C where .it is preferably agitated or tumbled to 
assist in even "distribution in the reactor and rapid 
chemical breakdqwn and gasification. Optionally, liquids 
such as used .engine .oil are added to the feed material to 
increase the" e'alorific value thereof. 

Prefera)aly,v5_the\. water vapour .recovered from the 
•' drying of the waste material is added to the fuel for the 
pyrolysis reaction or for the gas boiler or boilers to 
increase the- .'coinbustion efficiency of the fuel, and/or 
used in the cooling stage. At least a portion of the 
gaseous product may be used as process gas for the 
pyrolysis reactor as well as for the gas turbine and/or 
gas -fired boilers. 
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Discharge gases from the boilers may be used via 
suitable heac- exchange means to preheat the return water 
from the condensers to the boilers; after the gases have 
passed through such heat- exchange means, any residual heat 
may be used to dry the raw waste material prior to storage 
in silos. The resulting water- containing air may be 
condensed and passed to a desalination plant. The cooling 
water from the condensers may also be used to operate a 

desalination pl"a'nt 

In andtheir aspect, the invention provides apparatus 
for the recovery of energy values from biodegradable waste 
material, the appajratus comprising a pyrolysis reaction 
chamber and" a' cooling chamber and means for advancing said 
material in cymitiiiiuted form through the pyrolysis reaction 
chamber, ' in ~Which" the' pyrolysis auid cooling chambers eire 
adjoining "amS'^- tife '^advancing means comprise rotary drive 
shaft means sealing ly journal led through the wall of the 
cooling chaniber remote from the pyrolysis chaunber. 

Optionally," the apparatus includes gas turbine means 
and/or gas-fired boiler means to generate electricity from 
the pyrolysis reaction product gases, and a desalination 
plant operatively connected to the exhaust from the 
turbines or condensers. The apparatus may also include 
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means to pass the flue gases from the pyrolysis reactor to 
a heat exchanger for production of steam for generation of 
electricity. 

Preferably, the pyrolysis reactor comprises a tubular 
reactor body containing a rotary screw and mixing element 
to advance the pyrolisable material from an inlet station 
through a heated reactor zone to an outlet station for 
gaseous prodiKft. The use of such a reactor avoids the 
need for gaseous seal elements in or close to the reactor 
zone and this enables considerably higher reactor 
temperatures, typically in excess of 1000°C, emd up to 
about 1500OC, to be employed, compared with reactors such 
as disclosed in WO .. .93/25848 which employ rotating drums 
which require rotary seal elements and glands and hence 
cannot operate at temperatures in excess of approximately 
.-l^^^^-l^^;--.®* temperatures enables 
the process to be operated with toxic raw materials 
including hospital waste, BSE-contaminated animal 
carcasses and the like. Another advantage of a rotaz^ 
screw element carried within a tubular reactor body is 
that any char or other solid or liquid residue including 
precious metal values from the raw material or the 
pyrolysis reaction is carried through the reactor and 
discharged therefrom at the outlet station. Preferably. 
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solid or liquid residue is dischcirged upstream of che 
outlet station, that is, while still siibstantially at 
pyrolysis temperatiire. The direct connection of the 
cooling means to the outlet station facilitates rapid 
cooling with miniraum opportunity for any chemical 
re-contoination of the pyrolysis reaction product gases, as 
well as enabling the' use of the higher temperature by. 
virtue of the journalling of the rotary drive shaft means. 

The pyrolysis - reaction gaseous product. may be 
recovered and stored, by quenching in a water spray and 
passed to a st6ra"ge cylinder by displacement of water, 
which may be the water recovered from the raw material 
drying process. 

The process- and apparatus according to the invention 
may readily be adapted for automated control, in that 
temperature." seaasoysV'-";^.caiorific value sensors, throughput 
sensors and the like may be operatively connected to 
concxol the variables of the system including input 
calorific value, ' rotary speed of the advancement means, 
pyrolysis temperature, cooling temperature and control of 
extracted water vapour to the burners . 

Embodiments of the invention will now be described by 
way of example with reference to the accompanying 
drawings, of which: 
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Figure 1 is a side elevation in diagrammatic form of 
a pyrolysis conversion apparatus; 

Figure 2 is an elevation of the apparatus of Figure 2 
from, the feed end; emd 

Figure 3 is a-sec_tion through the apparatus along the 
line III-III of Figure 1. 

In more detail, the apparatus includes a pre-heater 
unit 11 for raw material in pelletized form, a 
heater/deoxygenator unit . 12 , a pyrolysis reactor unit 13 
and a cooling unit 14-. The pre-heater unit 11 has an 
upper inlet pipe -15 . for pelletized raw material, a lower 
inlet 25 for hot oxygen-free gases, optionally flue gases 
from the pyrolysis reactor unit 13 , to pre-heat the 
pellets and begin the, process of oxygen removal therefrom, 
and a chimney 17 ■;foy- waste gases; the chimney is connected 
to a condenser ^not-_shovn) for recovery of water vapour or 
water vapour is passed as such to the pyrolysis furnace. 
The pellets are transported to che upper part of 
heater/deoxygenator unit 12 by screw conveyors cr augers 
18 driven by variable-speed geared electric motors 19; the 
process of pre-heating, oxygen removal and drying is 
conrpleted in this unit by passing hot oxygen- free gas in 
at 2 0 and removing waste gases through chimney 21, again 
connected to a condenser (not shown) or utilised per se in 
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the burner feedstock. Waste oil or other liquid ' of high 
calorific value may be introduced through pipe 22, 
suitably provided with .a seal (not shown) to prevent 
ingress of air. 

The finally dried and heated raw material is then 
passed by screw conveyors 23 to the upper part of one or 
more (three in the embodiment illustrated) sxibstantially 
horizontally-disposed pyrolysis converter tubes 24, 
containing a rotary. 'paddle- type stirrer/mixer 25 which 
also acts as" a relatively long-pitch screw conveyor to 
transport raw matei-ial' through the converter. The 
converter tubes may optionally be disposed at a slight 
downward angle "(away from the feed end) to assist in 
transportation of " pyrolysis material. The mixers 25 are 
.carried on shafts'' 26" "joumalled internally of the 
converter tubes " 'xn ^end cap/bearing units 27 at the 
proximal or feed end and extending through bearing /seal 
units 28 at the remote end of the cooler unit 14, and are 
rotatably driven by variable- speed geared electric motors 
29. An intermediate bearing unit 27A is provided where 
the shafts pass through the common or adjoining end walls 
of the pyrolysis tubes and the cooler unit; such bearings 
do not have to have a sealing function and hence can 
readily withstand high pyrolysis temperatures. The end 
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bearing/ seal units 28 are noc only removed from the high 
pyrolysis temperatures but are also cooled by incoming 
cooling water, as hereinafter described. The converter 
tubes 24 are carried in a heater furnace 3 0 where they axe 
heated by hot gases from gas-fuelled burners fed by 
pressurised gas jets 31; moist air may be fed in at 32 to 
improve combustion performance. The combustion gases 
after passing over and around the converter tubes are 
passed through ' a ' heat exchanger containing cubes 33 and 
baffles 34 to produce - stream for turbines or for use in 
boilers; the stream condensate may be a closed loop system 
with no requirement for- replenishment water. 

The distal ends of the pyrolysis converter tubes, 
downstream of the hefat:ef • furnace , are lagged and provided 
with drain or -res i'duV pipes 35 controlled by upper and 
lower valves 3'6, arid including/ between the valves, a 

valved connection 38 to the furnace 30, whereby any ash 
(which should not- occupy any svibscantial volume if the 
pyrolysis reaction has been properly controlled) including 
non-combustible, for example metallic, residues can be 
drawn off without allowing ingress of air, any gases being 
returned to the furnace 30 through connection pipe 38. The 
pyrolysis reaction gases are passed through pipes 3 9 
direct to the cooler 14 fed with a water inlet 40 aad 
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containing a constant-head volume 41 of water controlled 
by a weir and trap arrangement 42 to prevent gas escape. 
The cooled gases are then passed through outlet pipe 43 to 
be compressed and stored. Outlet pipe 43 may contain a 
calorific value sensor or monitor (not shown) which can be 
used optionally with automatic comparator / feedback means 
to control input' of oil through pipe 22. 

The apparatus may as ■ illustrated by constructed and 
assembled from- mating modular parts or sub- assemblies, for 
example as defined-^ay -cooperating flanges 44 between the 
burner and converter sections, 45 between the converter 
and lower part -of -the- heat - -exchanger and 46 between the 
lower and upper "parts 'of the heat exchanger. The top 
flange join'f 47=- is-"'" between- the upper part of the heat 
exchanger and the "roof /flue 48. 

The materials -o^"-^ constructions are chosen according 
to the intended •temperature of operation and the nature of 
the raw material and may be selecced from metallic 
materials including high temperature-resistant alloys 
capable of withstanding corrosive or other aggressive 
environments and ceramic materials; especially porous 
ceramics . 

The invention allows higher pyrolysis temperatures to 
be achieved than has hitherto been possible by virtue of 
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the stationaury pyrolysis tubes being attached direct to 
the cooling unit with the . resulting possibility of 
sealingly joumalling- the rotary advancement laecins away 
from the hot zone. Faster processing times are another 
benefit, with the possibility of flexibility of plant 
operation according to instantaneous requirements dictated 
for example by the quality or nature of the feed material, 
since pyrolysis reaction speed ceases to be the overall 
rate determining step. 
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CLAIMS: 

1 - A process for rhe recovery of energy values 

from waste biodegradable material, the process comprising 
passing comminuted waste material chrough a pyrolysis 
reaction chcunber and cooling the gaseous pyrolysis 
reaction product, in.. which the pyrolysis and cooling 
chambers are adjoining and the waste material is advanced 
through the pyrolysis chamber by advancement means 
comprising rotary drive shaft means sealing ly joxirnalled 
through the wall of the.: cooling chamber remote from the 
pyrolysis cheunber. 

2. A .process- to claim 1, in which the flue 

gases heating the waste material in the pyrolysis 
operation are passed to „a heat- exchanger to produce steam 
for generation of electricity. 

3- A process according to claim 1 or claim 2, 

in which the raw . waste., material is initially sorted or 
screened to remove metallic materials, glass and other 
ceramic materials, and bricks, concrete and the like. 

4 . A process according to any preceding claim, in 
which the waste material is dried and comminuted to 
provide the material in particulate, granular or other 
individual -piece form. 
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5. A process according to any preceding claim, in 
Wnich any non-volatile liquids such as oils, grease or 
fats are used as such in. the pyrolysis reaction or admixed 
with the solid material. 

6 . A process according to any preceding claim, in 
which the raw material is pre-heated and de- oxygenated. 

7. A process according to any preceding claim, in 
which " a liquid such as used engine oil is added "to the 
feed material co increase the calorific value thereof. 

8. A process according to any of claims 4 to 7, in 
which the water vapour recovered from the drying of the 
waste material is added to the fuel for the pyrolysis 
reaction or for the gas boiler or boilers to increase the 
combustion efficiency of. the fuel, and/or used in the 
cooling stage. 

9. A process according to any preceding claim, in 
which the temperature of the pyrolysis reactor is in the 
range lOOO-lSOQoc. 

10. Apparatus for the recovery of energy values 
from biodegradable waste material, the apparatus 
comprising a pyrolysis' reaction chamber and a cooling 
chamber and means for advancing said material in 
comminuted form through the pyrolysis reaction chamber, 
in which the pyrolysis and cooling chambers are adjoining 
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and the advancing means comprise rotary drive shaft means 
sealingly joumailed through the wall of the cooling 
chamber remote from the pyrolysis chamber. 

11. Apparatus according to claim 10, in which the 
apparatus includes gas turbine means and/or gas- fired 
boiler means to generate electricity from the pyrolysis 
reaction- product gases,, .and a desalination plant 
operatively connected to the exhaust from the turbines or 
condensers. 

12. Apparatus according to claim 10 or claim 11, in 
which the pyrolysis reactor comprises a tubular reactor 
body containing a rotary screw and mixing element to 
advance the pyrolisable material from an inlet station 
through a heated reactor, zone to an outlet station for 
gaseous product. 

13. Apparatus ..according to any of claims 10 to 12, 
in which the pyrolysis reaction chamber forms part of a 
converter/heat exchanger unit assembled from mating 
modular parts or sub-assemblies. 

14. A process for the recovery of energy values 
from waste material, rhe process • comprising drying and 
comminuting the waste material, subjecting the comminuted 
waste material to a pyrolysis operation, cracking and 
cooling the gaseous pyrolysis reaction product and storing 
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said produce, in which the flue gases from the pyrolysis 
reaction are passed to a heat exchanger to produce sceam 
for generation of electricity. 

15. Apparatus for the recovery of energy values 

from waste material, the apparatus comprising means for 
drying and comminuting the. .waste material, means for 
passing said material to a pyrolysis reactor, means for 
cracking and— tooling the pyrolysis reaction product and 
means to pass the flue gases -from said pyrolysis reactor 
to a heat exchanger for production of steam for generation 
of electricity. 
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